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Summary&mdash; Invasion of Varroa mites into drone brood cells of honey bees was studied in colonies with-
out worker brood. The probability for a mite to invade was dependent on the brood/bees ratio, which is
defined as the number of drone brood cells capped per kg of bees. When compared with invasion in
colonies with exclusively worker cells, Varroa mites invaded drone cells 11.6 times more frequently. This
suggests that the biased distribution of mites over drone and worker cells in colonies with both types of
brood cells results predominantly from the higher rate of invasion into a drone cell per se, when compared
to that into a worker cell per se. Since the rate of invasion is high in drone cells, a trapping method
using drone combs may be very effective in controlling the Varroa mite. When no other brood is present,
462 drone cells are estimated to be sufficient to trap 95% of the mites in a colony of 1 kg of bees.
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INTRODUCTION
The parasitic mite Varroa jacobsoni Oude-
mans is a harmful pest of the western honey
bee, Apis mellifera L, worldwide. It para-
sitizes both adult and immature bees, but
reproduction of the mites only occurs inside
capped drone and worker brood cells (Ifan-
tidis and Rosenkranz, 1988). More adult off-
spring are produced in drone cells com-
pared to worker cells (eg, Fuchs and
Langenbach, 1989). Therefore, one might
expect that mites prefer drone brood over
worker brood. Indeed, about 8 times more
mites are generally found per cell in drone
cells than in worker cells (eg, Fuchs, 1990;
reviewed in Fries et al, 1994). In addition,
mites prefer drone larvae to worker larvae
when given the choice in laboratory tests
(Rosenkranz et al, 1984; Otten and Fuchs,
1988; Le Conte et al, 1989).
Recently, Boot et al (1994a) showed that
the rate of invasion into worker cells (num-
ber of mites that invade per day) depends on
the ratio of worker brood cells to adult bees:
the brood/bees ratio (number of brood cells
capped per day and per kg of bees). The
larger the brood/bees ratio, the higher the
rate of invasion. This may be understood
as follows. A mite has to be carried close
to a brood cell by a bee before invasion
occurs (Boot et al, 1994b), and only some of
the honey bees in a colony reside near a
cell suitable for mite invasion. Therefore,
the number of bees that bring a mite close
enough to a brood cell may determine how
many mites invade, and this number of bees
will increase when there are more brood
cells present per bee, ie a higher brood/bees
ratio (Boot et al, 1994a).
The higher number of mites found in
drone cells compared to worker cells (Fuchs,
1990) may result from a higher rate of inva-
sion into a drone brood cell per se, com-
pared with a worker brood cell per se. This
higher rate of invasion may have a number
of causes. Firstly, drone brood cells are sus-
ceptible to invasion for a period 2-3 times
longer than worker brood cells (Ifantidis,
1988; Boot et al, 1992). Hence, the chance
for a mite on a bee to come close enough to
a suitable brood cell is increased accord-
ingly. Secondly, the surface of a drone cell
is 1.7 times larger than that of a worker cell,
which also increases the chance for a mite
on a bee to come close enough to a suit-
able brood cell. Thirdly, the presence of a
drone larva instead of a worker larva may
increase the rate of invasion. This may occur
when a signal coming from drone larvae
evokes a stronger response to invade than
a corresponding signal from worker larvae.
Alternatively, the behaviour of the bees may
be affected by the presence of either drone
or worker larvae in such a way that the rate
of invasion is also affected.
The biased distribution of mites over
drone and worker cells may also arise
because the mites refrain from invading
worker cells when the drone cells are nearby.
If so, then the presence of drone cells will
negatively affect invasion into worker cells.
Consequently, the difference between the
rate of invasion into a drone cell per se and
that into worker cell per se, will be too small
to explain the biased distribution of mites
when both cell types are present.
In this paper, the rate of invasion into
drone cells is determined for 2 reasons.
Firstly, it is compared with the rate of inva-
sion into worker cells to test whether the dif-
ference between these rates is large enough
to explain the biased distribution of the
mites. Secondly, it is determined because it
is a valuable parameter for development of
Varroa control methods that utilize trapping
of mites in drone combs.
MATERIALS AND METHODS
Experimental set-up
The rate of invasion into drone cells was studied
in the Netherlands in 6 colonies of the western
honey bee, A mellifera. A similar set-up was used
as in earlier experiments to determine the rate
of invasion into worker cells (Boot et al, 1994a).
The experimental colonies were moved to an
isolated place, at least 1 km away from other bee
colonies, to prevent exchange of mites between
experimental and other bee colonies (Sakofski
and Koeniger, 1988; Rademacher et al, 1989).
All brood was removed from the colonies and
most of the mites that were already present on
the bees were killed with 2 treatments of 20 ml
85% formic acid applied on pieces of cardboard
(Wachendîrfer et al, 1985; Fries, 1989). Ample
honey and pollen stores were available in the
experimental colonies.
Every day a comb with about 50 drone larvae
was placed into the colonies. These drone lar-
vae were 3-4 d old, dated according to the
method of Boot and Calis (1991). In the colonies
that were used for brood dating, drone comb and
worker comb were alternately offered for ovipo-
sition. When only drone comb was offered for
oviposition, the queen started to lay worker eggs
into the drone cells within a few days. In the
experimental colonies, the queen was allowed to
oviposit freely, and therefore combs with eggs
had to be removed regularly to keep the colonies
free of brood other than the 50 drone cells intro-
duced daily. After 1 week, it was assumed that
the bees in the experimental colonies had adapted
to nurse the number of drone larvae introduced.
Subsequently, a group of mites was introduced by
placing brood combs with emerging bees heavily
infested by mites into the colonies. After 1-2 d,
these combs were removed again. To monitor
invasion of the mites that had been introduced
in this way, the capping of the drone cells was
monitored daily by placing transparent sheets
over the brood area and by marking capped cells.
After capping of the cells, the comb was removed
from the colony, cells were opened, and the num-
ber of mites per cell was counted.
Invasion of mites into drone cells was moni-
tored at intervals of 1 d during a period of 5-9 d.
At the end, mites still on the bees were killed by
two 1 ml applications of Perizin&reg; (Bayer; active
ingredient: coumaphos) in 49 ml water. The dead
mites, which had fallen through the gauze bot-
tom of the hive into a drawer, were then counted.
After the second application of Perizin&reg; hardly
any dead mites were found and it was assumed
that all mites were killed. Subsequently, the actual
size of the bee population (kg of bees) during the
experiments was estimated by weighing the hive
with the experimental colony and subtracting the
weight of the hive and combs, after bee removal.
Statistical analysis
The rate of invasion into drone cells was assumed
to depend on the number of mites present on the
bees and the probability of invasion. The num-
ber of mites present on the bees at the begin-
ning of each time interval was estimated by sum-
ming the mites found in all drone cells that were
capped after that moment and the number of
mites remaining on the bees at the end of the
experiment. Subsequently, the probability of
drone-cell invasion was calculated for each inter-
val by dividing the number of mites found in drone
cells that were capped in a certain interval by the
estimate of mites on bees at the start of that inter-
val. A logit link-function was used to model the
probability of invasion, which was assumed to
depend on the number of drone cells capped dur-
ing a time interval per kg bees (brood/bees ratio)
and the index of time (Boot et al, 1994a):
where t is the index of time, indicating the number
of time intervals of one day, Pt is the probability of
invasion into drone cells capped during time inter-
val t, L is the logit of Pt, and [brood/bees ratio]t is
the number of drone cells capped during t per kg
bees. The parameters &beta;0, &beta;1 and &beta;2 were esti-
mated by multiple regression, using maximum
likelihood estimation (SAS Institute Inc, 1989).
Comparison of the rate of invasion into
drone cells with that into worker cells
When the probability of invasion per unit of time
(t) is constant, the number of mites on bees (M)
show a negative exponential decay:
where ris the relative rate of invasion (d-1). This
relative rate of invasion was used to compare
invasion into drone cells with that into worker cells
by assuming a linear function through the origin,
providing the relationship between the number
of brood cells capped during a time interval per kg
of bees (brood/bees ratio) and r. For each time
interval, rwas estimated from the probabilities of
invasion found for drone cells (this study) and
found for worker cells (Boot et al, 1994a) using the
following equation:
where t is the index of time, which indicates the
number of time intervals of 1 d, Mt is the number
of mites on bees at the beginning of time interval
t, and Pt is the probability of invasion during time
interval t.
RESULTS
Data on invasion into drone cells are shown
in table I. Drone brood proved to be very
effective in trapping the mites present on
adult bees. Daily introduction of about 50
drone cells over 5-9 d led to invasion of a
substantial part of the mites introduced:
80-94% of the mites invaded into 175-459
drone cells.
Invasion into drone cells was more pre-
cisely studied per time interval (Boot et al,
1994a), using multiple regression on the
probability of invasion, Pt, whereas Pt was
assumed to depend on the brood/bees ratio
(number of drone cells capped during 1 d
per kg bees), and the time since introduction
of the mites (table II). The data of all experi-
ments were used for statistical analysis. Pt
was positively correlated with the brood/bees
ratio, whereas the time elapsed since the
introduction of the mites had no effect on
Pt. Figure 1 shows the relationship found
between the brood/bees ratio and the prob-
ability of invasion per day.
In case of equal brood/bees ratios, the
rate of invasion into drone cells was much
higher than that into worker cells (fig 2). The
relationships between the relative rate of
invasion and the brood/bees ratio per day
were described by:
rd (d-1) = 0.00649 (kg bees/number of cells
capped)·[brood/bees ratio] (number of cells
capped/(kg bees·day)), for drone brood cells
rw = 0.00056·[brood/bees ratio], for worker
brood cells
Thus, Varroa mites invaded drone cells
11.6 times more frequently than worker cells.
DISCUSSION
Similar to invasion into worker cells (Boot
et al, 1994a), the logit of Pt was proportional
to the brood/bees ratio (table II; fig 1),
although our data show a high variation in Pt
which may result from the strong manipu-
lation of colonies before the experiments
and the daily disturbance of colonies dur-
ing the experiments. The probability for a
mite to invade a drone cell was much higher
than the probability of invading a worker
cell. Part of this higher frequency of inva-
sion may be due to the 2-3 times longer
period of attractiveness of drone cells (Ifan-
tidis, 1988; Boot et al, 1992). When inva-
sion in a cell depends on the frequency that
a bee brings a mite close enough to invade,
the number of mites that invade per cell is
also expected to be 2-3 times higher, pro-
vided that the number of mites on the bees
stays the same. In addition, when the fre-
quency that a bee brings a mite close
enough for invasion is proportional to the
surface of a brood cell, 1.7 times more mites
are expected per drone cell due to their 1.7
times larger surface. Combining these fac-
tors would result in 3.4-5.1 times more fre-
quent invasion into drone cells than into
worker cells. However, an 11.6 times higher
frequency was found. Thus, invasion into
drone cells is probably increased further
due to the presence of a drone larva instead
of a worker larva in the cell.
In a colony of a given size, r is constant
per cell. When both drone and worker cells
are available for mite invasion, and assum-
ing that invasion into drone and worker cells
are independent, the number of mites on
adult bees decreases as follows:
where M is the number of mites on bees, t is
time (d), rd is the relative rate of invasion in
drone cells (d-1), and rw is the relative rate
of invasion in worker cells (d-1). Because
mites invading drone cells and mites invad-
ing worker cells both come from the same
pool of mites on adult bees, M, the ratio of rd
per cell to rw per cell is equal to the ratio of
mites found per drone cell to their number
found per worker cell (see Appendix).
Hence, 11.6 times more mites are expected
per drone cell than per worker cell, which
is even more than the actual distribution of
about 8 times more mites per drone cell on
average, albeit with a high variation. This
suggests that differences in rare the most
important cause of the biased distribution
over drone and worker cells. Under the alter-
native hypothesis that mites refrain from
invasion into worker cells when drone cells
are nearby, one would expect a smaller ratio
of rd per cell to rw per cell than 8:1, because
rd and rw were determined in a situation with
exclusively drone and exclusively worker
brood, respectively. Hence, our results sug-
gest that the mites do not refrain from inva-
sion into worker cells when drone cells are
nearby, although the hypothesis that mites
do refrain from invasion into worker cells
cannot be entirely excluded.
In studies of the distribution of mites over
drone and worker cells, a large variation is
found in the ratio between the number of
mites per drone cell and that per worker cell.
Fuchs (1990) found ratios ranging from 0.94
to 30.6 in 68 replicates, whereas Calis et al
(1993) found ratios of 7.7 and 15.3 in 2 repli-
cates.This high variation may occur because
drone and worker cells are never attractive to
mites during exactly the same period, and
because the number of mites that reside on
the bees in a honey bee colony varies
strongly over time, due to invasion of the
mites into open brood cells and emergence of
mites from capped cells. Alternatively, Fuchs
(1990, 1992) argued that mites may vary with
respect to an acceptance threshold for worker
cells, which may thus result in a variable dis-
tribution over drone and worker cells.
Although the variation in the ratio of the
number of mites per drone cell to the num-
ber of mites per worker cell is high, studies
concerning the distribution over drone and
worker cells have shown an average ratio of
about 8. Fuchs (1990) found an average
ratio of 8.3, whereas Schulz (1984) and Suli-
manovic et al (1982) reported ratios of 8.6
and 7.2, respectively. These values are well
below the ratio of 11.6, expected for the
ratio of rd per cell to rw per cell. This may
occur because invasion into drone cells and
invasion into worker cells is more or less
segregated in time, and because the num-
ber of mites on the bees may varies strongly
during the period in which a certain cell is
attractive to the mites. When many mites
invade, the mites on bees probably deplete
quickly, and fewer mites will invade a cell
that is attractive at that time than expected
if more mites were present on the bees.
Since r is so much higher per drone cell
than per worker cell, the number of mites
on bees will deplete much quicker during
periods when drone cells are attractive and
therefore the distribution over drone and
worker cells may become less biased. Such
an effect is expected to be stronger when
the proportion of drone cells versus worker
cells is higher, and indeed Fuchs (1990)
found a less biased distribution with a higher
proportion of drone cells.
Trapping of mites in drone cells
as a biotechnical control method
Since the rate of invasion into drone cells
is high, trapping mites in drone brood is a
useful biotechnical method to control the
Varroa mite (Schulz et al, 1983; Rosenkranz
and Engels, 1985). Currently, trapping of
mites in drone brood is applied in colonies
with normally developing brood nests. This
will decrease the effectiveness of the trap-
ping method, because in normal colonies
about 80% or more of the brood consists of
worker brood (Page and Metcalf, 1984;
Rowland and McLellan, 1987) and there-
fore a substantial part of the mites will invade
worker cells. Additionally, mites may invade
drone cells that are not removed from the
colonies. A drone cell trapping method will
be much more effective when it is applied
during periods when no brood other than
that introduced for trapping is present in the
colony. Following the model behind the
regression line from figure 2, which implies
that the percentage of mites trapped per
day only depends on the number of capped
cells in a colony with constant size, our
results show that to reach a 95% trapping
effectiveness per day, a relative invasion
rate of 
-In(0.05) = 3.00 d-1 is needed. If so,
only 3.00 (d-1)/0.00649 (kg bees/number
of cells capped) = 462 drone cells are
needed to trap 95% of the mites in a colony
of 1 kg bees per day. The trapping of mites
in drone brood can therefore be an effec-
tive non-chemical method to control Varroa
mites in honey bee colonies.
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APPENDIX
When both drone and worker cells are avail-
able for mite invasion, and when invasion
into drone and worker cells are indepen-
dent, the number of mites on adult bees
decreases as follows:
where M is the number of mites on bees, t is
time (d), rd is the relative rate of invasion in
drone cells (d-1), and rw is the relative rate
of invasion in worker cells (d-1).
In case of constant numbers of drone
and worker cells available, rd and rd are also
constant, and:
while the number of mites that invade drone
cells increases as follows:
Integration of Mover t yields an expression,
indicated by Md,t:
Similarly the number of mites that invade
worker cells is:
Thus,
where r1,d and r1,w are the relative rates of
invasion per drone and per worker cell
respectively, and Nd and Nw are the num-
bers of drone and worker cells. The ratio of
mites per drone cell to their number per
worker cell is then:
Every small time step t, Nd and Nw can
be considered constant and the ratio of
mites per drone cell to their number per
worker cell will be 11.6 in each time step,
regardless of whether Nd and Nw vary
between time steps.
Résumé &mdash; Pénétration de Varroa jacob-
soni Oud dans les cellules de couvain
de mâles de l’abeille Apis mellifera L. Le
déroulement de la pénétration de l’acarien
Varroa jacobsoni dans les cellules du cou-
vain de mâles d’A mellifera a été étudié sur
6 colonies. Chaque jour on a introduit dans
les colonies un rayon comprenant 50 larves
de mâles âgées de 3-4 j. Tout autre cou-
vain a été ôté. Les varroas ont été introduits
en plaçant des rayons de couvain fortement
infesté avec des abeilles naissantes dans
les colonies. Pour suivre la pénétration dans
les cellules de couvain de mâles, on a noté
chaque jour l’operculation des cellules de
mâles. Les cellules de mâles parasitées ont
été désoperculées et les acariens dénom-
brés. Au bout de 5 à 9 j les varroas encore
présents sur les abeilles ont été tués par
un traitement au Perizin&reg; (1 ml dans 49 ml
d’eau, répété 2 fois). Les varroas morts tom-
bés sur le fond de la ruche ont été dénom-
brés. Ensuite la population d’abeilles a été
évaluée par pesage. Les données obtenues
sont indiquées dans le tableau I. La péné-
tration dans les cellules de couvain de mâles
a été étudiée avec plus de précision 1 j sur
2 en utilisant la régression multiple de la
probabilité de l’invasion Pt. On a estimé que
Pt dépendait du rapport couvain/abeilles,
qui est défini par le nombre de cellules de
couvain operculées par kg d’abeilles et le
temps écoulé depuis l’introduction des aca-
riens (tableau II). Dans le cas de l’infestation
des cellules d’ouvrières, la probabilité pour
un acarien de pénétrer dans une cellule
dépend aussi du rapport couvain/abeilles
(fig 1). Mais la probabilité pour un acarien de
pénétrer dans une cellule de mâles est
beaucoup plus élevée que pour une cellule
d’ouvrières. Pour un même rapport cou-
vain/abeilles, les varroas infestent 11,6 fois
plus souvent les cellules de mâles que les
cellules d’ouvrières (fig 2). Lorsque dans
une colonie les 2 types de cellules sont dis-
ponibles en quantités égales, on s’attend
donc à une distribution inégale des varroas,
basée sur la fréquence inégale de pénétra-
tion des cellules, les acariens étant 11,6
fois plus nombreux dans les cellules de
mâles que dans celles d’ouvrières (appen-
dice 1). Cette inégalité attendue est même
supérieure à celle effectivement trouvée
dans les colonies ayant les 2 types de cel-
lules de couvain, qui est en moyenne de 8
fois en faveur des cellules de mâles.
L’inégalité effective peut être inférieure à
l’inégalité attendue parce que la pénétra-
tion dans les cellules d’ouvrières ou de
mâles est, dans la colonie, plus ou moins
séparée dans le temps. Puisque la fré-
quence de pénétration dans une cellule de
mâles est 11,6 fois supérieure à celle d’une
cellule d’ouvrières, le nombre d’acariens
présents sur les abeilles baissera beaucoup 
plus rapidement durant les périodes où les
cellules de mâles sont abondantes et
l’inégalité réelle de distribution entre cel-
lules de mâles et cellules d’ouvrières pourra
en conséquence être moindre. En outre la
distribution inégale s’explique suffisamment
par la fréquence inégale de pénétration par
cellule individuelle. Il n’y a donc aucune rai-
son de croire que les varroas réagissent à la
présence voisine de cellules de couvain de
mâles en s’abstenant de pénétrer dans les
cellules de couvain d’ouvrières, provoquant
ainsi une distribution inégale entre cellules
de mâles et cellules d’ouvrières. Puisque
le taux de pénétration dans les cellules de
mâles est plus élevé, une méthode de pié-
geage à l’aide de rayons de couvain peut
être efficace pour lutter contre l’acarien V
jacobsoni. En l’absence d’autre couvain, on
peut estimer que 462 cellules de mâles per-
mettent de piéger 95% des varroas dans
une colonie de 1 kg d’abeilles.
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Zusammenfassung &mdash; Der Verlauf des
Eindringens von Varroa jacobsoni in
Drohnenzellen der Honigbiene Apis mel-
lifera. Der Verlauf des Eindringens von
Varroamilben in Drohnenzellen von Honig-
bienen wurde an 6 Bienenvölkern unter-
sucht. Jeden Tag wurde eine Wabe mit etwa
50 Drohnenlarven im Alter von 3-4 Tagen in
die Völker eingestellt. Die andere Brut wurde
entfernt. Die Völker wurden durch Zufügen
von stark varroabefallenen Brutwaben mit
schlüpfenden Bienen infiziert. Zur Erfassung
des Zeitverlaufs des Drohnenbrutbefalls
wurde die Verdeckelung der Drohnenzellen
täglich registriert. Die befallenen Drohnen-
zellen wurden geöffnet und die Anzahl von
Milben in den Zellen gezählt. Nachdem der
Brutzellenbefall 5-9 Tage lang erfasst wor-
den war, wurden die noch auf den Arbeite-
rinnen verbliebenen Milben durch zwei
Behandlungen mit 1 ml Perizin in 49 ml Was-
ser abgetötet und die auf die Bodeneinla-
gen gefallenen toten Milben gezählt. Danach
wurde die Bienenpopulation durch Wiegen
abgeschätzt. Die übergreifenden Versuchs-
daten sind in Tabelle I gelistet. Der genauere
Verlauf des Befalls der Drohnenzellen in
Zeitabständen von jeweils einem Tag wurde
durch Berechnung einer multiplen Regres-
sion untersucht. Hierbei wurde angenom-
men, da&szlig; die Wahrscheinlichkeit des Brut-
befalls, Pt, von dem Verhältnis von Brut zu
Bienen (definiert als die Anzahl verdeckelter
Brutzellen pro kg Bienen) und der Zeit seit
Hinzufügung der Milben abhängt (Tabelle
II). Ähnlich wie beim Befall von Arbeiterin-
nenzellen war die Wahrscheinlichkeit, mit
der eine Milbe eine Drohnenbrutzelle befällt,
von dem Verhältnis von Brut zu Bienen
abhängig (Abb 1), allerdings war sie erheb-
lich höher als bei Arbeiterinnenbrutzellen.
Varroamilben befallen Drohnenzellen 11,6
mal häufiger als Arbeiterinnenbrutzellen (Abb
2). Als Ergebnis der unterschiedlichen
Befallshäufigkeit der Zellen kann daher
erwartet werden, da&szlig; bei gleichzeitiger Ver-
fügbarkeit von Drohnen- und Arbeiterinnen-
zellen eine ungleiche Verteilung der Milben
mit 11,6 mal höherem Befall der Drohnen-
zellen resultiert (Appendix). Diese erwartete
Ungleichheit ist sogar höher als die tatsäch-
lich in Völkern mit beiden Bruttypen gefun-
dene, bei der im Mittel ein etwa 8 mal höhe-
rer Befall pro Drohnenbrutzelle im Vergleich
zu Arbeiterinnenzellen ermittelt wurde. Die
tatsächliche Ungleichheit könnte dadurch
weniger ausgeprägt als die theoretisch
erwartete sein, da&szlig; in normalen Bienenvöl-
kern der Befall von Drohnen- und Arbeite-
rinnenzellen mehr oder weniger zeitlich
getrennt stattfindet. Da die Häufigkeit des
Befalls einer Drohnenzelle 11,6 mal grö&szlig;er
ist als die der Arbeiterinnen, wird in Zeiten
reichlicher Verfügbarkeit von Drohnenzel-
len die Anzahl der Milben auf den Bienen
erheblich rascher vermindert. Die tatsächli-
che Verteilung der Milben auf die Bruttypen
könnte daher weniger ungleich sein. Zusätz-
lich reicht die unterschiedliche Befallshäu-
figkeit pro Zeiteinheit völlig zur Erklärung
des unterschiedlichen Befalls aus. Es besteht
daher kein Anlass für die Annahme, da&szlig; sich
die Milben vom Befall einer Arbeiterinnen-
zelle zurückhalten, falls benachbarte Droh-
nenbrutzellen vorhanden sind, und da&szlig; die
ungleiche Verteilung hierdurch verursacht
wird. Da die Rate des Drohnenbrutzellen-
befalls hoch ist, könnte eine Fangmethode
unter Benutzung von Drohnenwaben eine
sehr wirksame Bekämpfungsma&szlig;nahme
gegen Varroamilben darstellen. Falls keine
weitere Brut vorhanden ist, wären nach
unserer Abschätzung 462 Drohnenbrutzellen
ausreichend um 95% der Milben in einem
Bienenvolk mit 1 kg Arbeiterinnen einzufan-
gen.
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